Myelin is a highly specialized membrane unique to the nervous system that ensheaths axons to permit the rapid saltatory conduction of impulses. The elaboration of a compact myelin sheath is disrupted in a diverse spectrum of human disorders, many of which are of unknown etiology. The
mouse, which result in single amino acid substitutions in PLP, are both associated with a lack of mature oligodendrocytes (18, 19) .
The assignment of the PLP gene to the human X chromosome (20, 21) focused attention on an X-linked disorder of myelination in man, Pelizaeus-Merzbacher disease. While clinical and genetic heterogeneity for this disease has been described, two well-documented forms, the classical and connatal (Seitelberger) types, are both inherited as X chromosome-linked recessive traits and feature nystagmus, athetosis, tremors, and ataxia (22, 23) . Patients with PelizaeusMerzbacher disease share many of the traits of the jp mutation, including the clinical signs of a dysmyelinating neurological disease, a lack of CNS myelin with a virtual absence of PLP, and a paucity of mature oligodendrocytes (22, 23) . In this report we identify a mutation in the PLP gene of one such Pelizaeus-Merzbacher family, a four-generation pedigree of the classical type characterized extensively by Koeppen and coworkers by using biochemical and immunocytochemical techniques (24) .
Proteolipid protein (PLP) constitutes half of the myelin protein synthesized by oligodendrocytes in the central nervous system (CNS), where it plays a structural role in the architecture of the multilamellar myelin sheath (reviewed in ref. 1) . The developmental and tissue-specific expression of PLP is coordinately controlled with the other myelin proteins in the CNS (reviewed in refs. [2] [3] [4] [5] . In the peripheral nervous system, PLP is the only myelin protein synthesized by nonmyelinating Schwann cells, glial cells that enwrap but do not myelinate axons. § Moreover, PLP appears to be the only myelin protein produced by myelinating Schwann cells that is excluded from myelin (6, §). These observations have prompted a reevaluation of the roles that PLP must assume in glial cells. Analysis of dysmyelinating animal models has reinforced the hypothesis that PLP performs a unique function in glial cells in addition to its structural role in the myelin sheath. In the jimpy (jp) mouse, in which a mutation at a splice site in the PLP gene creates aberrantly spliced transcripts (7) (8) (9) (10) (11) (12) , the resulting absence of PLP has pronounced effects on glial cell differentiation. Few mature oligodendrocytes are found injp CNS, despite the presence of excessive numbers of precursor cells (13, 14) . This block in oligodendrocyte maturation cannot be ascribed to (29) . With the exception of approximately 150 bp following the terminal polyadenylylation site, which was amplified by the polymerase chain reaction (PCR) technique prior to sequencing, the PLP exons, intron/exon junctions, and 1 kilobase (kb) of 5' flanking sequence were sequenced from plasmids subcloned from A56. Only exons 3 and 4 were sequenced from A93.
Exons 1-7 were amplified manually from normal or patient genomic DNA by the PCR as described by Erlich and coworkers (30, 31) with the following modifications using 20-mer oligonucleotide primers prepared on an Applied Biosystems synthesizer. Each 100-,l reaction mixture included bovine serum albumin (170 ,g/ml) instead of gelatin; instead of overlaying samples with mineral oil, we centrifuged the samples after each denaturation step. Each cycle of a 30-cycle program included a 1-min 95°C denaturation step, followed by a 2-min, 55°C annealing step, and finally a 70°C extension step, which was carried out for 2-6 min, depending on the size of the amplified fragment. Thermus aquaticus polymerase (Taq I) was purchased from Stratagene. The amplified fragments ranged in size from 236 to 512 base pairs (bp); a detailed map of their positions will be published elsewhere (36 was determined by (i) isolating PLP clones from a human genomic library with human PLP cDNA probes sequenced previously (6), (ii) mapping the positions of the seven exons, and (iii) sequencing all exons and the intron/exon junctions (Fig. 1) . PLP is extremely conserved within and between species both at the protein and DNA level (6, 7) , which is reflected in the absence of base changes between our sequence of the human PLP genomic DNA and the over 1300 bp published by Stoffel and coworkers (26) and by the scarcity of restriction fragment length polymorphisms. Moreover, no differences have been observed in the coding or noncoding regions of four unrelated individuals whose PLP gene was sequenced from a genomic library, from a cDNA library (6), or from PCR-amplified DNA (data not shown). The degree of preservation of the PLP gene is striking and makes two predictions: first, little variation in the amino acid sequence of this integral membrane protein would be tolerated; and second, perhaps the DNA or RNA encoding PLP directly plays a critical regulatory role in glial cells. The former prediction has been borne out by analysis of thejpmsd mutation, in which a conservative amino acid substitution in an a-helical hydrophobic domain of PLP has drastic effects on myelination (19) .
A detailed analysis of the PLP gene in the PelizaeusMerzbacher patients was undertaken both by the construction of genomic libraries and by PCR amplification of genomic DNA and sequencing of the amplified products. The proband (PM2) and nephew (PM3) of the pedigree described by Koeppen et al. (24) had only a single base change in their PLP gene, a T -+ C transition in exon 4, which would substitute an arginine (CGG) residue for tryptophan (TGG) at amino acid 162 (Fig. 2) . This alteration was confirmed by sequencing a subclone from the phage A clone (A93) containing exon 4, which precludes the possibility that an error in fidelity by the Taq I polymerase could account for the base change observed in PCR-amplified DNA. An arginine substitution at this site may disrupt the structure of PLP, as the introduced charged amino acid is located in one of the hydrophobic domains that is devoid of charged amino acids. PLP has four such hydrophobic a-helical domains, whose interactions may be critical to the correct folding of the protein and subsequent compaction of the myelin sheath (32 (35) , and an unrelated family displayed a novel point mutation in the PLP gene (36) , which hints at a genetic heterogeneity that may complicate the analysis of the putative mutation in any pedigree. However, the modest size of the PLP gene should permit the analysis of all mutations affecting this gene and clarify whether PelizaeusMerzbacher disease is as genetically heterogeneous as the half-dozen variants of the disease would imply. Historically, pedigrees with X-linked (classical, connatal types), autosomal recessive (variant with Cockayne's disease, variant with patchy demyelination), or autosomal dominant (adult Lowenberg-Hill type) patterns of inheritance have been lumped into the Pelizaeus-Merzbacher category based on the pleiotropic clinical findings (22, 23) . The discovery of an altered PLP gene in the classical form of Pelizaeus-Merzbacher disease (Fig. 2) (27) and further studied by Wilkus and Farrell (28) . This pedigree is a textbook case of Pelizaeus-Merzbacher disease both clinically and genetically, but a curious pathology was noted in a 3-month-old affected infant from this family. Apparently normal myelin was present, but a significant amount of the myelin sheaths were organized into ball-like structures in the oligodendrocyte perikarya and terminal processes (27) . The PLP gene from this pedigree (PM1) was unaltered for over 4 kb of coding and noncoding sequence. In addition, analysis by Southern blot hybridization of restriction digests of PM1 genomic DNA probed with human PLP cDNA failed to reveal any differences from the normal gene (Fig. 3) 
